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Embryonic Stem Cell Therapy for Intractable Epilepsy
Janice R. Naegele,1 Mohan C. Vemuri,2 and Lorenz Studer3,*

Stem cell therapies for treating or curing severe neurological disorders and intractable epilepsy are envisioned 
for regenerative medicine and neurology of the future. Studies of how the human nervous system develops from 
stem cells are yielding clues for how to direct pluripotent stem cells into specific neural and glial fates. Reagents 
and protocols to grow human embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs) in 
xenofree conditions are now available. Transgenic technology has been developed using Bacterial Artificial 
Chromosomes (BACs) to force transcription factor expression in these cell lines, making it feasible to direct 
ESCs and iPSCs toward neural fates to derive functionally distinct classes of neurons, oligodendrocytes and 
astrocytes comparable to the endogenous cells in different regions of the fetal brain and spinal cord. The 
remarkable progress in this field may lead to powerful new stem cell-based therapies for curing human 
neurological disorders and epilepsy. We review some of the major advantages of deriving specific cell types with 
this new technology, applications in basic research, and prospects for treating circuit abnormalities and 
intractable seizures in patients with epilepsy.

Envisioning a world in which humans are able to regenerate severed limbs, rewire neural pathways, and enhance 
sensory perception has been a mainstay of science fiction novels and movies for decades. While human limb 
regeneration is still not possible, remarkable developments in the fields of stem cell biology and neuroscience are 
leading the way for stem cell-based therapies to amend brain and spinal cord damage and repair sensory organs. 
In this chapter, we discuss recent efforts to derived neural stem cells from embryonic stem cells (ESCs) and 
induced pluripotent stem cells (iPSCs) and applications to treating conditions such as temporal lobe epilepsy 
and neurodegenerative diseases.

Information about the spatiotemporal patterns of transcription factor expression in the developing nervous 
system suggests that the major classes of neurons in the brain and spinal cord become specified by combinatorial 
codes of transcription factors. Studies aimed at directing pluripotent stem cells towards neural fates have utilized 
this information to monitor the differentiation of ESCs and iPSCs into neural progenitors. There are several 
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examples where sufficient advances in production of clinical grade cells have led to clinical trial for neurological 
disorders. Geron initiated the first clinical trial with transplanted human ESC-derived glial progenitors for 
repairing spinal cord injuries in paraplegic patients (http://www.geron.com/). Due to financial constraints 
however, the company halted the trial and withdrew from the field of stem cell therapy. A second clinical trial 
with retinal grafts of hESC-derived retinal pigment epithelial cells will establish whether blindness caused by 
macular degeneration is treatable by this approach. This clinical trial, recently carried out by Advanced Cell 
Technologies, Inc. suggested that the hESC derived retinal pigmented epithelial cells showed no signs of 
hyperproliferation, tumorigenicity, ectopic tissue formation, or tissue rejection after 4 months of cell transplant. 
In both cases, the cell-based therapies were extensively validated in animal models of the disorders. Systematic 
studies of the fates and functional properties of neurons and glia derived from ESCs and iPSCs in experimental 
models of epilepsy are still in their infancy. Relatively few studies have evaluated the efficacy of transplanting 
different cell types for seizure control in epilepsy.

Might Stem Cell Therapies be Effective for Controlling Seizures in 
Epilepsy?
Spontaneous seizures in patients may induce changes in gene expression and trigger widespread inflammation. 
It is not well understood how these and other seizure-induced changes in the brain will influence the survival, 
differentiation, or integration of transplanted neural precursors and therefore, stem cell cures for complex and 
heterogeneous neurological disorders such as temporal lobe epilepsy may be many years in the future.

Mesial temporal lobe epilepsy (MTLE) is often acquired after prolonged status epilepticus caused by prolonged 
high fever, a brain tumor, stroke, or traumatic brain injury, but is also found in patients diagnosed with 
Alzheimer’s disease. Following the initial brain injury, neural plasticity is thought to lead to an imbalance 
between synaptic excitation and inhibition in the dentate gyrus, abetting epileptogenesis.1 Magnetic resonance 
imaging studies show that hippocampal atrophy is common in patients with childhood-onset MTLE 2, and 
seizures in childhood are associated with cognitive decline.3, 4 Partial complex epilepsy involving the mesial 
temporal lobes can be difficult to control with anti-convulsant medications, and the high doses that are often 
required can cause debilitating cognitive side effects and toxicity. Surgical resection of hippocampus or severing 
the corpus callosum are alternative therapeutic interventions that may be beneficial for eliminating the seizure 
focus or reducing the spread of seizures,5 but hippocampal resection can only be used in MTLE patients with a 
well-defined and unilateral seizure focus. When pharmacological and surgical approaches are not feasible, stem 
cell therapies might be an alternative therapy and it also offers the additional potential for cell replacement and 
neural circuit repair. The availability of human embryonic stem cells (hESCs) and strategies for directing their 
differentiation toward specific types of forebrain neurons and glia is beginning to offer hope that a stem cell cure 
may be on the horizon for treating hippocampal sclerosis in some forms of acquired epilepsy.6,7

Repairing Dysfunctional Neural Circuitry in Temporal Lobe 
Epilepsy
Epileptogenesis refers to cellular and molecular changes occurring during a latent period after an initial insult or 
seizure, when the brain rewires and becomes prone to spontaneous seizures. Epileptogenesis is hypothesized to 
be caused by disruption of the normal balance between inhibitory and excitatory connections within limbic 
circuits.8 One hypothetical mechanism in epileptogenesis is the loss of GABAergic interneurons and inhibitory 
synapses with granule cells after an initial precipitating injury. GABA is the principle inhibitory 
neurotransmitter in the adult neocortex and hippocampus, where it constrains the spread of neuronal excitation. 
The GABA producing interneurons also modulate and integrate information in the cortex and hippocampus, by 
synchronizing cortical oscillations underlying brain function and preventing development of hyperexcitability 
and epileptiform activity. Two of the hallmark neuropathological changes in patients with MTLE resulting from 
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traumatic brain injury or prolonged febrile seizures, are reduced numbers of hilar interneurons and mossy cells 
in the dentate gyrus.2,9,10

In experimental MTLE in adult rodents, prolonged seizures or head trauma lead to hyperexcitability of granule 
neurons11 and loss of functional subclasses of GABAergic interneurons that co-express neuropeptide Y or 
somatostatin.12–14 These observations have spurred efforts to repair the damaged neural circuits with 
GABAergic neuron precursors generated from embryonic stem cells or fetal neural progenitor cells, as discussed 
below.

In both the neocortex and hippocampus, inhibitory cells also regulate networks of synaptically interconnected 
excitatory pyramidal neurons. Due to recurrent networks of excitatory connections, “runaway excitation” and 
prolonged burst firing of pyramidal neurons can result when synaptic inhibition is reduced. It has been proposed 
that prolonged status epilepticus impairs the efficacy of inhibitory GABAergic synaptic transmission onto 
granule neurons,15, caused by dysregulation of GABAA receptors.16, 17 In addition, recent studies in the 
pilocarpine model suggest that despite a significant loss of hilar GABAergic interneurons, the residual 
hippocampal interneurons undergo massive sprouting, resulting in a net increase in GABAergic synapses in the 
inner molecular layer of the dentate gyrus.18 Failure of these new connections to regulate dentate granule 
neuron hyperexcitability further supports the hypothesis that inhibitory synaptic transmission becomes 
dysfunctional in some forms of acquired MTLE.18,19 Developmental disorders affecting the specification and 
migration of GABAergic interneurons in neocortical and hippocampal regions have also been shown to cause 
abnormal neuronal firing properties and spontaneous seizures.20–24

Taken together, the evidence from human neuroimaging data, postmortem histological studies of tissue from 
MTLE patients, and experimental models in rodents supports the idea that defective inhibitory 
neurotransmission in the hippocampus is a key factor in epileptogenesis and recurrent spontaneous seizures. As 
the above examples show however, effective cell replacement in acquired forms of MTLE is likely to require 
extensive integration of specific functional types of GABAergic neurons into the dentate gyrus and correction of 
some of the other deficits in limbic circuits that underlie epileptogenesis.

In addition to requiring selective cell replacement in MTLE, effective therapies may need to address activity-
dependent changes in gene expression induced by seizure activity that alter patterns of granule cell neurogenesis 
in the dentate gyrus.25 Spontaneous recurrent seizures in MTLE are also associated with sprouting of mossy 
fibers from granule neurons, creating new excitatory synaptic connections in the inner molecular layer of the 
dentate gyrus.26–28 While the exact mechanisms remain unclear, aberrant migration of the new neurons and 
abnormal axonal and dendritic growth of granule neurons contribute to network dysfunction in MTLE.25, 29–31

Glial cell involvement in chronic epilepsy is an additional feature adding to the complexity of the cellular and 
molecular changes. Glia cells are an important source of the anticonvulsant molecule adenosine and augmenting 
adenosine levels has a powerful anticonvulsant effect.32–35 However, glial cells also produce proinflammatory 
molecules that contribute to hyperexcitability. Taken together these studies implicate multiple cell types and 
pathophysiological processes in acquired focal temporal lobe epilepsy. Even with the advent of new methods for 
replacing specific types of neurons and glia in the brain by stem cell therapy, treatment strategies may need to be 
devised that incorporate multiple approaches to correct the defects, including gene therapy, neuroprotection, 
and dietary modifications such as the ketogenic diet.

Stem Cells for Neurodegeneration and Epilepsy
Fetal neural precursors (NPCs), adult neural stem cells, mesenchymal stem cells (MSCs), cord blood cells, 
embryonic stem cells (ESCs), and induced pluripotent stem cells (iPSCs) are all being tested for therapeutic 
effects in experimental models of neurodegenerative diseases and epilepsy. By definition, neural stem cells are 
self-renewing and can generate neurons or glial cells through asymmetric cell division.
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Recent studies demonstrated that stem cells not only exist in the developing embryo, but also in the adult body 
and brain. The discovery and isolation of neural stem cells from the fetal and adult nervous system has shown 
that they retain the potential to generate the three major cell types in the central nervous system, namely 
neurons, astrocytes and oligodendrocytes. Once molecules that govern stem cell self-renewal were identified, it 
became possible to harvest neural stem cells from the fetal or adult nervous system, expand populations as 
neurospheres in vitro, or transplant them directly after removal from fetal brains. To date, significantly more 
progress has been made examining the efficacy of grafts derived from fetal progenitors or genetically modified 
cell lines, compared to neural stem cells derived from ESCs or iPSCs, for suppressing seizures in experimental 
models of TLE, ion channel mutations, or developmental disorders of interneurons associated with spontaneous 
seizures.36–41

Classification systems for the different brain-specific stem cells are still evolving.42 Populations of neural stem 
cells in the adult nervous system reside within a specialized stem cell niche surrounding the lateral ventricles, 
called the subependymal zone. Another specialized niche is the subgranular zone of the dentate gyrus, but here, 
the stem cells are defined as progenitors, because separate populations appear to give rise to neurons or glial cells 
and have very limited self-renewal capacity.

In tissues of the adult body, stem cells are hard to find, but they do exist. An advantage of patient-derived stem 
cells is that they may be used for autologous transplants, avoiding problems with immune incompatibility and 
rejection.43,44 Increasingly neural stem cells derived from patients with genetic disorders of the nervous system 
are being studied in vitro to gain insights into basic disease mechanisms and for drug discovery. However, 
limited availability of human fetal tissue precludes widespread use of fetal neural stem cells for most clinical or 
biotechnology applications. To circumvent this problem, protocols have been developed to improve the yield of 
fetal or adult neural stem cells from the brain by propagating them as neurosphere-forming cells. While rarely 
tumorigenic when transplanted into the brain, propagation of hNPCs in culture may select for chromosomal 
aneuploidy, therefore cytogenetic screening of hNPCs is necessary prior to their use in clinical applications.45

Pluripotent Stem Cells
ESCs are pluripotent stem cells derived from the inner cell mass of human or mouse blastocyst. They have the 
capacity to generate all tissue types of the embryo. Protocols for differentiating ESCs into neural stem cells in 
vitro have been developed for adherent ESC lines as well as those that require an initial stage of growth as 
embryoid bodies and they were shown to undergo extensive migration and integration after transplantation into 
the developing rodent brain.46–48 The three main in vitro approaches for generating neural stem cells (NSCs) 
from ESCS include the formation of embryoid bodies, growth of neural stem cells in monolayer cultures on 
feeder layers in the presence o f growth factors such as fibroblast growth factor-2 (FGF-2), or neurosphere 
cultures grown in the presence of defined growth factors. The challenge has been to obtain neural stem cells that 
can be patterned with regional identities upon differentiation into specific neural and glial types. Rapid progress 
toward this goal has been aided by identification of the transcriptional codes that specify functionally distinct 
subsets of neurons at different levels of the developing nervous system.

Recent modifications to culture conditions resulted in growth of mouse and human ESCs-derived neural stem 
cells into neural tube-like rosette structures.49 As these neural rosettes grow, they recapitulate some notable 
features of the growing neural tube. Symmetrical mitotic divisions characterize the early-stage rosettes, without 
forming postmitotic neurons. There is a close temporal link between the neural rosette stage and its potential for 
neural patterning, similar to the neural tube. As neural rosettes develop into late-stage rosettes, they divide 
asymmetrically, producing neurons and glia that migrate away and differentiate. At this stage, radial glial-like 
progenitors appear in the rosettes and show interkinetic nuclear migration, similar to radial glial cells of the 
neural tube. They also have apical end feet that form a structure similar to the center of the neural tube. Human 
ESC-derive neural stem cells also develop laminated structures with distinctive cell populations in the different 
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layers, reminiscent of the cerebral cortex. As shown in Figure 1, human H9 pluripotent stem cells can be 
differentiated into neural stem cells in adherent cultures. These cells are beyond the neural rosette stage and can 
be readily patterned toward a wide range of neural and glial fates. Studies have also shown that transplanted 
ESC-derived human or mouse neural progenitors migrate in the rodent brain after transplantation into the 
cerebral cortex or hippocampus, and differentiate in a region-specific manner.41,46,50 It is not known whether 
these cells can provide long-term seizure suppression or neuroprotection in temporal lobe epilepsy.

Induced Pluripotent Stem Cells
Induced pluripotent stem cells (iPSCs) are genetically reprogrammed adult cells which exhibit a pluripotent stem 
cell like state like that of human embryonic stem cells. IPSCs may be derived by several different methods that 
induce select gene expression to confer pluripotency.51–53 Functionally distinct types of neurons have been 
generated from iPSCs and studies are now examining their ability to migrate and successfully modify symptoms 
of neurological disease.54–56 Some of the advantages of studying iPSC-derived neurons from patients with 
epilepsy include the possibility of gaining insights at the cellular level into how a particular genetic mutation 
affects neuronal excitability, migration, dendritic or axonal differentiation, or synapse formation. This approach 
is now being used to study iPSCs from patients with inherited forms of epilepsy. These cells may also be quite 
useful for screening anti-convulsant drugs. Based on their cellular responses to different drug compounds, more 
effective anti-convulsant drugs can be selected and then administered to individual patients.

Directed Differentiation of ESCS and IPSCS
Recent advances in directing the fates of hESCs and iPSCs toward neural cell types that have relevance to 
temporal lobe epilepsy have utilized defined media conditions, reporter genes, or bacterial artificial 
chromosomes to select for neural stem cells with GABAergic fates.50,57 For example transcriptional codes for 
specifying GABAergic interneuron subtypes have been identified58,59 and this information has been used to 
direct ESC-derived neural progenitors to differentiate into GABAergic interneurons.60 In one study, floating 
stem cell aggregates were first generated to obtain neural progenitors with a transgene, Lhx6-GFP. These were 
then grown on adherent substrates in the presence of growth factors and the signaling molecule sonic hedgehog, 
to obtain ventral telencephalon neural progenitors. By harvesting the neural precursors at this stage, they were 
able to use the fluorescent transgene in fluorescence activated cell sorting (FACS) to identify and prospectively 
isolate the Lhx6-expressing GABAergic progenitors prior to transplantation.60 When the isolated interneuron 
precursors were then transplanted into the developing mouse brain, they differentiated into functionally defined 
types of interneurons and exhibited mature electrophysiological properties. Studies are now beginning to 
systematically test whether transplants of interneuron progenitors obtained with similar protocols, have disease-
modifying effects in experimental models of temporal lobe epilepsy.

Bacterial Artificial Chromosome Transgenesis
Another powerful approach is to force the differentiation of hESCs derived neural stem cells toward particular 
neural fates by introducing Bacterial Artificial Chromosomes (BAC) into the cells. This approach, called BAC 
transgenesis, is a novel tool to define and isolate different neural and glial lineages from ES cells.61–63 This 
approach has used the GENSAT library of BACs, which have been engineered to express GFP under the control 
of key genes related to neural development. To obtain stable BAC transgenesis in hESCs, the cells had to be 
dissociated into single cell suspensions using enzymatic digestion and an inhibitor of the Rho-associated kinase. 
This relatively simple step provided a substantial improvement in survival and cloning efficiency. The BACS were 
then nucleofected into the dissociated hESCs, and selected for antibiotic resistance to obtain hESCs with 
different GFP transgenes that report differentiation into motor neuron or dopamine neuron fates.
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Clinical Grade Pluripotent Stem Cells In Xeno and Feeder-Free 
Culture Systems
Successful stem cell therapies for CNS diseases require large-scale production of neural stem cells from hESC or 
iPSCs. In addition, such neural stem cells should be nontransformed and well characterized, with adequate 
bioprocess control such as safety, sterility, traceability. These cells upon transplantation should differentiate into 
appropriate target cell type, survive in diseased CNS tissue and should integrate with the existing neural network 
to improve the functional efficacy and clinical outcome.

Figure 1. Neural Induction of hESC to NSCs Followed By Differentiation Into Neuronal and Glial Lineages. Human Embryonic 
Stem Cells (H9) are pluripotent and able to differentiate into all derivatives of the three primary germ layers: ectoderm, endoderm, and 
mesoderm.Pluripotency is typically indicated the expression of the transcription factor Oct-4. (A) Rosette formation by directed 
differentiation toward neural differentiation (B) Phase contrast images (10×) of GIBCO® hNSCs cultured in StemPro® NSC SFM at day 
1 (C) and at day 3 (D) after thawing. Fluorescence images (20×) of GIBCO® hNSCs that have been cultured in StemPro® NSC SFM for 
three passages, and then allowed to differentiate into neurons, oligodendrocytes, or astrocytes. The cells were stained with antibodies 
recognizing a marker of cellular proliferation, Ki67 (red) in combination and the neural stem cell marker Nestin (green) (E) or with 
nestin (red) and SOX2 (green) (F). Upon directed differentiation, NSCs start to express doublecortin (Dcx) (green; G), the 
oligodendrocyte marker GalC (red; H), or glial fibrillary acidic protein (GFAP; green; I) a marker expressed in astrocytes. The nuclei 
were counterstained with DAPI (blue).
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A variety of protocols and cell culture conditions have been reported for the generation, expansion and 
differentiation of NSC from hESCs. A typical induction protocol from hESCs to hNSCs is shown in a schematic 
diagram (Figure 1) and this can be achieved either by spontaneous or directed differentiation methods.64–66 

Some of the earliest protocols used serum free culture conditions with either N2 or B27 neural supplements, but 
the process was not robust enough for reproducibility and scalability and neural induction efficiency was low 
(0.2% hESC to hNPC) with spontaneous differentiation.67 But higher efficiency for neural induction was 
achieved by adding retinoic acid,68 medium conditioned with stromal cells,69 or BMP pathway inhibitors.70

For human cell therapy however, using animal serum in the media, stromal feeder cells derived from animals, 
co-cultures, or pre-conditioned media was incompatible because animal cell- and serum-free conditions are 
necessary. Guidelines for the manufacture of biologics have been developed and codified under CMC (chemistry 
and manufacturing controls) and GMP (good manufacturing practices). Deriving the first hESC line with these 
properties for clinical applications was an important advance.71 It was necessary to demonstrate the ability to 
obtain pure populations of long-term self-renewing rosette-type hESC-derived neural stem cells that exhibited 
extensive self-renewal, clonogenicity, and stable neurogenesis upon transplantation.72 Recently a hESC line was 
generated that has the capacity to produce dopaminergic precursors in completely xenofree cultures using four-
steps for producing functional dopaminergic neurons for clinical purposes.73 Neurons generated by this process 
were shown to survive in experimental animal models of Parkinson’s disease. A third important advance was 
development of an efficient method to generate hNSCs from hESC or induced pluripotent stem cells by a 
combined blockade of SMAD signaling with Noggin and a small molecule, SB431542 to achieve full neural 
conversion. This method is regulatory complaint, as it obviates the need for intermediary steps of generating 
embryoid bodies, the use of stromal feeders and even isolation of rosette structures.74 The commercial 
availability of expandable populations of NSC with stable phenotype marker expression will facilitate efforts to 
produce NSC under xenofree culture conditions for epilepsy research and clinical applications.

Transplant Studies of Fetal NSC for Seizure Suppression in 
Experimental Models
Neural stem cells and fetal neural precursors have been transplanted into a variety of different experimental 
models of neurological disorders including ischemic stroke, Parkinson’s disease, Huntington’s disease, 
amyotrophic lateral sclerosis, spinal cord injury, and epilepsy.40, 41, 50, 75–83

Evidence from experimental studies in several models of temporal lobe epilepsy in rodents has provided “proof 
of concept” that fetal neural stem cell transplants or cell lines genetically engineered to release GABA at multiple 
sites in the brain reduce seizure severity and/or frequency.36, 84–92 Studies with fetal cell transplants reduce 
abnormal electrical discharges in the hippocampus or substantia nigra. Moreover, when GABAergic neural 
precursors from the embryonic medial ganglionic eminence were transplanted into forebrains of young mice, 
they showed widespread migration across the hippocampus and neocortex. The grafted cells differentiated into 
distinct types of GABAergic interneurons, functionally integrated, and increased inhibitory tone in the host 
cortex and hippocampus. 37 These studies serve as proof-of-concept that increasing the number of forebrain 
GABAergic neurons in several different models of epilepsy can not only raise seizure thresholds in genetic 
models but also suppress recurrent spontaneous seizures in acquired MTLE. Studies employing fetal neural stem 
cells are described in detail in additional chapters in this volume (Baraban and Anderson; Shetty).

Challenges in Cell Therapy Approaches to Treat Epilepsy
While there are several advantages of stem cell based therapies over gene therapy and other traditional 
approaches for treating epilepsy, significant technical hurdles still impede cell therapy for treating epilepsy. 
Unlike other tissues of the body, the nervous system has a limited capacity for self-repair because mature 
neurons cannot regenerate, and despite the presence of neural stem cells in the adult brain, their ability to 
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respond to injury is limited. Improving the efficacy of stem cell therapies for replacing neurons or glial cell types 
destroyed by damage or disease is an extremely active area of investigation. To be successful, grafts of stem cells 
and their differentiated derivatives in the epileptic brain must not only survive for long periods of time, they also 
need to migrate correctly to the appropriate sites, integrate, and establish the correct types of synaptic 
connections with the host brain. The importance of this last point is underscored by studies showing that 
seizures induce the genesis of ectopically positioned neurons from endogenous neural stem populations, and 
these ectopic neurons can contribute to increased excitability and epileptogenesis.29,93

Immune incompatibility between the donor and host is one of the more formidable problems in the field of cell 
replacement therapy. Currently, cell therapies based on fetal cell transplants require that patients receiving fetal 
stem cells also take immunosuppressive drugs to prevent rejection of fetal cell grafts.40 Autologous stem cell 
grafts, in which the patient is also the stem cell donor, may help overcome the problem of graft rejection. 
Another major hurdle for ES based therapy is that the risk of tumor formation is high because they are 
pluripotent and mitotically active. To address this problem, human ES cells have been engineered with suicide 
genes to allow elimination if the transplanted cells proliferate excessively or form tumors.94

CONCLUSIONS AND THE PATH FORWARD
Testing the feasibility of ESC-derived neurons for seizure suppression and hippocampal sclerosis in epilepsy will 
require a better understanding of how seizures alter the environment of the brain. Activity-dependent changes in 
the expression of a large number of genes have been found in experimental models of epilepsy. Additionally, 
even brief seizures may cause epigenetic changes that alter gene expression. Evidence for host brain influences 
on transplanted neural stem cells suggests that these local changes in the brain’s milieu may be powerful 
influences on stem cell survival and migration after transplantation.

Additional issues that need to be surmounted for further advances in stem cell therapies for epilepsy include a 
better ability to track the transplanted cells after transplantation in the human brain. It will also be necessary to 
achieve long-term survival of transplants, circumvent the immunological problem of graft rejection, and tailor 
therapies for individual patients. The development of protocols for directing iPS cells into particular cell fates is 
one way to remove immunological barriers, since these cells can be generated from the patient’s skin and offer 
the possibility of transplanting back into the same patient. Lastly, before moving into the clinic, it will be 
necessary to produce “clinical-grade” human pluripotent cell -derived neural stem cells that differentiate into 
particular classes of GABAergic interneurons or other cell types that are injured in epilepsy.

With further new technological advances in the field of stem cell biology, cell therapies to treat neurological 
disorders such as epilepsy may soon become feasible. Stem cell transplants that employ neural precursors for 
subclasses of GABAergic interneurons show great promise for controlling “run-away” excitation in the brain and 
spontaneous seizures in acquired forms of temporal lobe epilepsy. However, further studies are needed in a range 
of translational models of temporal lobe epilepsy to determine whether hESC- or iPSC-derived neurons 
transplanted into the hippocampus have the capacity to survive over the long term, form synapses with their 
appropriate synaptic targets, and regulate pyramidal and granule neuron hyper-excitability, without causing 
adverse neurological side-effects.
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